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Based on experimental examinations, for a subcritical, 
right-angled, equal-width, open-channel dividing flow 
over a horizontal bed the cosine of the cross-sectional 
mean flow angle at the branch entrance is found to 
increase linearly with increasing discharge ratio. The 
experiment indicates that the contraction coefficient at 
the maximum width-contracted section in the 
recirculation region is almost inversely related to 
discharge ratio. The energy heads upstream and 
downstream of the division in the main channel are 
found to be almost equal. This enables the 
depth-discharge relationship follows the commonly 
used energy equation. The predicted results correlate 
with the experimental data of this study and to those of 
other studies. The energy loss coefficient of a division 
is also expressed in terms of discharge ratio, upstream 
Froude number, and depth ratio. 
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2. INTRODUCTION 
Open-channel dividing flow is characterized by the 
inflow and outflow discharges, the upstream and 
downstream water depths, and the recirculation flow 
in the branch channel. Ramamurthy and Satish, 
(1988), Ingle and Mahankal (1990), Ramamurthy 
et al. (1990), and Hager, (1992) recognized that 
the downstream-to- upstream discharge-ratio of 
the main channel is the most relevant parameter in 
the analysis of open-channel 090  dividing flow. 
The results from the above analyses compared 
quite satisfactory to some experimental 
observations. Most of the analyses restricted 
themselves to the development of a relationship 
for depth ratio, discharge-ratio and energy losses 
through the division. Neary and Odgaard (1993) 
concluded that the bed roughness as well as the 
branch-channel to main-channel velocity-ratio 
would affect the three-dimensional flow structure.  
The primary objective of the present study is to 
propose a depth-discharge relationship and energy loss 
coefficient for subcritical, equal-width, right-angled 
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dividing flow over a horizontal bed. With known 
upstream discharge and the prescribed branch flow 
discharge and downstream depth, the upstream depth 
is determined from energy considerations. The energy 
loss coefficient due to division is expressed as a 
function of ruF , Q  and Y . The contraction 
coefficients at the maximum width-contracted section 
in the recirculation region and the cross-sectional 
mean flow angles at the branch entrance are 
determined using velocity measurements. 
 
3. EXPERIMENT AND PARAMETERS 
Subcritical, equal-width, right-angled dividing 
open-channel flow over a horizontal bed is 
characterized by the upstream discharge, uQ , the 
downstream discharge, dQ , the upstream depth, uY , 
and the downstream depth, dY , of the main channel, 
the downstream depth, bY , of the branch channel, the 
channel width, W, and the gravitational acceleration, g.  
Application of dimensional analysis yields  
0),,,,( =rbrd FFWYQF              (1) 
where uduud YWWYYYQQQ /;/;/ === = 
upstream aspect-ratio in the main 
channel ; )/( dddrd gYWYQF =  = downstream 
Froude number in the main channel; and 
)/( bbbrb gYWYQF =  = downstream Froude numbers 
in the branch channel.  
The main and branch flumes were 12 and 4.0m long, 
respectively. Both channels were 14.7cm wide and 
ended with a weir to ensure that the considered 
downstream sections were subcritical and nearly 
uniform. The division corner to the branch channel 
was sharp-edged and was located 5.35m downstream 
from the main channel inlet. The water depth and 
velocity were measured at several cross sections with 
nine vertical profiles in each cross section. The 
upstream and downstream sections, AB and CD, of the 
main channel were taken at four channel widths from 
point E and F, while the downstream section, GH, of 
the branch channel was set at six to ten channel widths 
from the branch entrance, EF. An ALEC ACM-250 
two-component electromagnetic current meter was 
used for velocity measurements. The maximum 
width-contracted section in the recirculation region 
was, firstly observed by dye trajectory and checked by 
the velocity-integrated discharge. The main-channel 
upstream inflow was 3.02L/sec. to 5.37L/sec. The 
downstream-to-upstream discharge ratios ranged from 
0.409 to 0.875. The Froude numbers at the upstream 
and downstream sections of the main channel were 
between 0.328 to 0.768 and 0.140 to 0.540, 
respectively. The Froude numbers at the downstream 
section of the branch channel were between 0.089 and 
0.227.  
 
4. RESULTS AND DISCUSSION 
Flow Angle 
The cross-sectional mean flow angle at the branch 
entrance is calculated as )/(tan 1 tt VU
−
=δ , where Ut 
and Vt are the longitudinal and the lateral components, 
respectively, of the cross-sectional mean velocity at 
the branch entrance. For 0.41   Q    0.88, the 
cosine of the cross-sectional mean flow angle, δcos , 
increases linearly with increasing Q  and may be 
expressed in terms of Q  as 
65.036.0cos += Qδ                    (2) 
The correlation coefficient in (2) is 0.984, significant 
at a 5% confidence level. Thus, (2) can be used to 
evaluate the cross-sectional mean flow angle at the 
branch entrance for subcritical, equal-width, 
open-channel right-angled dividing flow over a 
horizontal bed. 
Contraction Coefficient 
The location of the maximum width-contracted section 
in the recirculation region was first determined by dye 
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trajectories. Then, the velocity vectors at the 
pre-determined section and the nearby sections were 
measured. The effective width, WCc , is determined 
when the velocity-integrated discharge from left bank, 
sQ , equals bQ , where cC  is the contraction 
coefficient. 
s










                 (3) 
where ju  is the longitudinal velocity over the 
elemental height jY∆  and width jW∆  in profile i, n 
is the number of elements in each profile and m is the 
number of profiles in a cross section. The contraction 
coefficient, cC , decreases linearly for Q  increases 
which reveals that a smaller divided discharge, bQ , 
from main channel to branch channel yield a smaller 
effective width in the recirculation region of the 
branch channel. 
Dividing Streamline 
The location of the dividing streamline at four-channel 
widths upstream from point E was determined when 
the velocity-integrated discharge from left bank, sQ , 
equals the downstream discharge of the main channel, 
dQ . The measured data reveals that udud QQWW // = , 
accepted at a 5% significance level with a correlation 
coefficient of 0.999. Subscript ud represents the 
section AI with a discharge dQ  across section AB. 
Additionally, the measured energy heads at section AB 
)( uH and at the section AI )( udH  are found almost 
equal with correlation coefficient being 0.999. These 
indicate that the section at four channel widths 
upstream from point E can be considered uniform. 
Depth Ratio 
For 88.041.0 ≤≤Q , the experimental data for the 
energy heads at section AI, udH , and at section CD, 
dH , are found practically equal with correlation 
coefficient being 0.999. Since uud HH = , thus 
du HH =                             (4) 
Essentially (4) implies that the commonly used energy 
equation without divided flow can be used to evaluate 
the upstream and downstream flows in the main 
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where )/( 232 WgYQF dddrd β=  and dβ  = 
momentum correction coefficient at downstream of 
the main channel. In (5), there are two unequal 




























α  and one 
multiple positive root and one negative root if D = 0. 
The smaller positive root, representing 1>ruF  and 
1<rdF , and the negative root are of no interest in this 
study. 
The experimental data show that du βα /  and 













                        (7) 
The correlation coefficients in (6) and (7) are 0.650 
and –0.673 respectively, significant at a 5% 
confidence level. 
The predicted Y  using (6) and (7) together with data 
of the present study, of Ramamurthy et al. (1990) and 
of Sridharan (1966) are compared. One of Sridharan's 
data, with uY  larger than dY  was excluded in the 
comparison. The agreement between the data and 
predicted Y  by (5) is good, although some of the 
measured data of Sridharan (1966) and of 
Ramamurthy et al. (1990) are deviated from the 
predicted. It is believed that the discrepancies must be 
attributed to the difficulties in the measurements of 
water depth. The predicted Y  by assuming 
0.1// == dddu βαβα  in (5) are also compared. The 
discrepancies between the predicted Y  using (6) and 
(7) and using 0.1// == dddu βαβα  in (5) are small. 
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YFY                (8) 
Energy Loss Coefficient 
For the control volume ABEGHFDC, conservation of 
energy can be expressed as 
bbddeuu HQHQKHQ +=− )1(          
where eK = energy loss coefficient through the 
division. Since du HH =  and let ubb YYY /= , (9) can 

























−−=         (10) 
The experimental data for uu βα /  and ub βα /  as 













                        (12) 
The correlation coefficients in (11) and (12) are -0.751 
and 0.62, respectively, significant at a 5% confidence 
level. The measured 
u
Y  and 
b
Y  show that 
983.0=
b
Y  with a correlation coefficient of 0.999 at a 
5% significant level. Using 982.0=
b
Y  and (11) and 
(12) in (10), the predicted values of 
e
K  for various 
upstream Froude number, 
ru
F , and discharge ratios, 
Q , and the measured data agree well. It is noted that 
e
K  increases with increasing 
ru
F  and Q  which 
indicates that a relatively higher branch discharge 
results in a relatively lower energy loss coefficient 
through the division. Using 0.1// ==
ubuu
βαβα  in 
(10), it is found that the discrepancies compared to the 
predicted data using (11) and (12) are small. Although 
the scatter in 
ub
βα /  reveals that section GH was not 
uniform throughout all runs in the experiment, the 
small discrepancy indicates that the section at six to 
ten channel widths downstream of the branch entrance 
is reasonably considered uniform. 
 
5. CONCLUSIONS 
For subcritical, equal-width, open-channel 
right-angled dividing flow over a horizontal bed, the 
present study shows that the cosine of the 
cross-sectional mean flow angle at the branch entrance, 
δcos , increases linearly with increasing Q . The 
experimental data reveals that a smaller divided 
discharge, 
b
Q , from main channel to branch channel 
would yield a smaller effective width, WC
c
, in the 
recirculation region. This study also presents the 
prediction equations for depth ratio and total energy 
loss coefficient through a division. The predicted Y  
and 
e
K  are found in agreement with observations of 
the present study and other studies. It is also observed 
that 
e
K  increases with increasing 
ru
F  and Q . 
 
APPENDIX  I  REFERENCES 
Ingle, R.N. and Mahankal, A.M. (1990). "Discussion 
of  'Division of Flow in Short Open Channel 
Branches.' by A.S. Ramamurthy and M.G. Satish."  J. 
of  Hydr. Engrg., ASCE, 116(2), 289-291. 
Ramamurthy, A.S. and Satish, M.G. (1988). "Division 
of Flow in Short Open Channel Branches." J. of  
Hydr. Engrg., ASCE, 114(4), 428-438. 
Ramamurthy, A.S., Tran, D.M. and Carballada, L.B. 
(1990). "Dividing Flow in Open Channels." J. of Hydr. 
Engrg., ASCE, 116(3), 449-455. 
Hager, H. (1992). "Discussion of 'Dividing Flow in 
Open Channels.' by A.S. Ramamurthy, D.M. Tran, and 
L.B.Carballada." J. of Hydr. Engrg., ASCE, 118(4), 
634-637. 
Neary, V.S. and Odgaard, A.J.  (1993). " 
Three-Dimensional Flow Structure at Open Channel 
Diversions." J. of Hydr. Engrg., ASCE, 119 (11), 
1223-1230. 
